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Abstract 

 

AMR is a significant public health issue of 21st century. The issue is complex with multi-

sectoral involvement calling for One Health approach. There is a global call for AMR control 

and the issue is highlighted in multiple high level global platforms like WHO, FAO and 

WOAH, providing guidelines and action plans. Laboratories have a key role to play in 

combating AMR. Despite the availability of strategic documents and action plans, 

implementation at the field level faces many challenges in LMICs due to the lack of supporting 

operational guidelines and disparity in disciplinary capacity and priorities. This model proposal 

allows a sequential operational process to implement action plan which can be adopted at the 

institutional, departmental or sector level. It has been prepared based on the current Indian 

laboratory scenario in animal sector. Though it is designed mainly for animal laboratory sector, 

the author’s expertise domain, it is not unique to the sector and is flexible for expansion and 

modifications according to local settings.   
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Introduction 

Antimicrobial resistance has emerged as a significant public health issue globally posing 

substantial challenges in terms of surveillance and activities to combat AMR. As usual, the 

impact is profound in developing countries of Asia and Africa. The reasons are multiple. 

Besides the high burden of infectious diseases, antibiotics are scarce resources in developing 

countries and are often unregulated (1). The AMR problem is complex with multi-sectoral 

involvement calling for a “One Health” module to address it. The issue is highlighted as a 

priority in several high-level global platforms such as WHO, FAO and WOAH. There is a 

global call for AMR control with World Health Assembly launching Global Action Plan in 

2015 (2). As a responsible partner, India came out with a national action plan in 2017 (3), and 

many states have followed suit by developing state-level action plans (4).  

 

Laboratories have a key role to play in achieving the objectives of these strategic documents. 

They are critical partners in combatting AMR by identification of the pathogen, through 

AMR/AST testing and characterization of the pathogenic bacteria, and creating the data base 

(5). Valid laboratory surveillance data are needed to estimate the burden of AMR, understand 

trends, identify drivers, measure impact, and develop mitigation strategies. Laboratory 

surveillance of AMR is more likely to be successful when implemented as tailed to the local 

level of capacity. This document briefly discusses how a laboratory is integrated in the AMR 

mitigation pathways (Figure 1) and proposes a sequential operational process to implement 

action plan which can be adopted at institutional, departmental or sector level. 

 

Laboratory techniques in AMR  

Phenotypic and genotypic methods are used to detect and characterize AMR (6). Culture based 

conventional techniques such as disc diffusion and measurement of minimum inhibitory 

concentration (MIC) are the most common for identifying sensitivity and resistance of a 

pathogen to antibiotics. Along with these traditional methods, rapid and efficient methods are 

being employed such as automated system (eg. Vitek, MALDI-TOF-MS) and various E tests. 

These methods offer higher throughput and demand lesser skill. These methods are efficient 

for initial screening and therapeutic support.  

 

Besides phenotypic characterization, molecular tests such as PCR for detection of gene, 

genomic sequencing (partial and whole genome) are also in use in laboratories for genomic 

characterization. These novel techniques cannot fully replace traditional methods as they can’t 

differentiate viable and nonviable or between pathogenic and non- pathogenic bacteria always 

(7). Moreover, they are unable to generate quantitative AMR data which is essential for 

therapeutic purpose.  However, both phenotypic and genotypic methods are essential for a 

complete insight into resistome.  
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How can a laboratory integrate into the AMR containment system 

 

Figure 1: Schematic illustration of laboratory integration in AMR containment System  

(Courtesy. Seale et al., 2017[8]) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Improving awareness and understanding: Communication from laboratories is evidence 

based. Therefore, laboratory professionals are in an excellent position to educate clinicians and 

other healthcare professionals. They can create the opportunity to discuss specific cases and 

issues. They can educate patients, the public, the media and policy makers about the causes, 

mechanisms of spread and evolution of AMR.  

 

Strengthen knowledge and evidence through surveillance: Laboratory testing helps to 

identify the etiology, select the most appropriate agent and to monitor the efficacy of the 

treatment. Only through laboratory surveillance, can the true impact, burden and magnitude of 

the problem be determined. They play a key role in the safety testing of animal food products 

through antimicrobial residue analysis. Surveillance and laboratory testing are critical to the 

implementation of alternatives to antibiotics. Laboratories provide the economic evidence that 

is essential for political commitment and sustainable investment.  

 

Labs in IPC (Infection, Prevention, Control) System: The laboratory plays crucial role in 

IPC activities in hospitals, intensive care units and operating rooms which are common areas 

for nosocomial AMR infections. Laboratories assist in the identification of resistant infections 

and source tracing. Regular in-house IPC monitoring systems require laboratory support. 

Laboratories also help to effectively implement biosecurity procedures in farms and food 

processing centres.  
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Optimizing Antimicrobial Use: By identifying the etiology, a laboratory helps the clinician 

to decide whether the antibiotic is needed at all. They help to provide targeted and evidence-

based therapy tailored to the individual by helping to select the correct drug, dosage and 

duration. This helps to reduce antibiotic usage (AMU) and antibiotic consumption (AMC).  

 

Research & Innovations: Research into strategies, tools and options to combat AMR and 

infections requires laboratory support for development, evaluation and implementation. 

Laboratory research focuses on different aspects of resistant pathogens and their spread that 

are essential for developing control and prevention strategies.   

 

Collaborations: Being a multidisciplinary and transboundary issue, collaboration is the 

backbone of any AMR control program. Laboratory collaborations for research, integrated 

surveillance and development at regional or global level enhance the output. The scope for 

collaboration for laboratories is immense and can be mainly for diagnostic services, 

surveillance, and research and developments.  

 

Policy formation: Laboratories provide evidence-based data that be the basis for policy 

decisions by governments, health care institutions and decision makers.   

 

Model Operational Road Map for Implementing AMR Action Plan in the Laboratory 

Sector 

WHO has launched Global Action Plan in 2015 and many general guidelines to address anti-

microbial resistance. But the implementation at field level in LMICs faces many challenges 

due to lack of supporting operational guidelines and disparity in disciplinary capacity and 

priorities. This document proposes a sequential operational process to implement action plan 

which can be adopted at institutional, departmental or sector level. Some of the actions listed 

should be implemented in parallel. It has been prepared based on the current Indian laboratory 

scenario in animal sector. It is prepared in line with the conceptual strategies of global and 

national health organizations and after reviewing the roles of the laboratories in AMR 

mitigation. Veterinary laboratories are mostly diagnostic laboratories attached to animal 

husbandry departments, veterinary universities, and recently booming private clinics. Disease 

surveillance, monitoring, and research are the general mandates.    

 

STEP 1: PREPARATORY STAGE: Formulating an in-house policy, identifying goals 

(short, mid and long term), and setting a time frame forms the main part of preparation (Figure 

2). A time frame of 4-6 years is more practical. For any system to be sustainable, political 

commitment and continuous funding are crucial. Addressing policy matters as and when 

necessary, is critical. Outcome indicators should also be finalized while planning.  
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Figure 2: Graphical Abstract: Preparation  

 

 
 

STEP 2: IMPLEMENTATION STAGE: Implementation can be planned in phased manner. 

It may be more practical to plan in 3- 4 phases depending on resources and local conditions. 

Key areas for action in the laboratory sector are laboratory capacity construction, workforce 

development, surveillance and monitoring, research and development, and reporting and 

communication (Figure 3). 

 

Figure 3: Graphical Abstract: Implementation  

 

 
 

 

I. Laboratory Capacity Construction and Networking 

 Laboratory capacity construction and networking should be planned in phased manner 

depending upon resources available in a step-wise manner.  

Policy formation
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• Capacity assessment of existing laboratories: Functioning microbiology laboratories 

in the region should first be assessed for their capacity to perform AMR laboratory 

testing.  

• Selection of laboratories: Laboratories which are routinely conducting antibiotic 

sensitivity testing and characterization can be selected for the first phase networking. 

• Networking of selected laboratories: Official networking should be established 

between the laboratories with clear cut reporting and communication formalities. 

• Designating AMR reference laboratories: Based on the infrastructural strength, 

different designations and hierarchy system such as sample collection centre, 

intervention centre, nodal centre, reference lab, lead centre, genome bank, isolate bank, 

residue analytical lab, etc should be established (Figure 4). This is essential for the 

smooth functioning of the network.  

• Hub-and-Spoke Operations in the network: Clear reporting and communication 

formalities should be outlined for the efficient functioning of the network in terms of 

periodicity and type of reporting as well as agreement on sharing of data, samples and 

materials. Network operations can be planned as a single or multiple hub-and-spoke 

model, depending on the number of laboratories in the network (9).  

There should be continuous efforts and investment for strengthening of more laboratories and 

expanding the network in a phased manner.  

 

Figure 4: Graphical Abstract: AMR Lab Network: Hub-and-Spoke Model 
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II. Workforce Development, Educational Outreach and Developing SOPs 

Laboratory staff are frontline AMR responders. Recognizing the value of training in building 

competency and creating a registry, the emphasis on workforce development cannot be 

overstated. Staff shortage, competing priorities, lack of visibility, and perceived lack of career 

advancement are some of the barriers laboratories face. An ongoing mechanism to enhance 

understanding and skills, ideally an “AMR training centre”, should be established.   

• Defining areas for skill development: Minimum training areas for laboratory 

professionals include techniques for AMR detection and characterization, data 

collection and analysis, surveillance methods, participation in networks, and AMR 

dynamics and epidemiology.   

• Designing training levels, modules and calendar: Trainings should range from 

sensitization training in step-up-manner to advanced training. It should include wet-lab 

training and workshops.   

• Maintaining a registry of trained workforce: Retention of trained staff is a challenge 

for most laboratories. Policy changes may become necessary in government sectors.  

• Developing SOPs and Guidelines: Harmonization in protocols and procedures across 

the laboratories are essential for generating quality data. SOPs should be developed by 

each sector for testing protocols, reporting channels, system reviews, evaluation 

criteria, etc., while addressing disciplinary differences.   

• Educational outreach: Laboratory professionals should also participate in educational 

programs for the general public, clinicians and policy makers. The envisaged “AMR 

Training Centre” can channel this.       

   

III. Surveillance and Monitoring: (10) Once the laboratory network has been outlined 

and channeled, and initial sensitization has been imparted, properly designed and 

planned integrated surveillance programs should be initiated.  

• Passive surveillance: Regular self- reporting by laboratories with relevant data in the 

established network is the first step to make the network work and is relatively 

inexpensive to manage. It can be further improved for quality in due course.  

• Active surveillance: Passive surveillance data are unlikely to be complete, timely and 

representative. Therefore, AMR-centric active surveillance should begin in each 

participating laboratory. But it comes at a cost. So, depending on resources and 

capacity, each member laboratory can enable it at different levels. 

• Sentinel surveillance system: Sentinel units (active or passive), if feasible can be 

established.  

• Genomic surveillance: At the very least, reference labs in the network should use 

genotypic tools that will be helpful in designing long-term intervention strategies and 

for research back- up.  

• Laboratory information system (LIS): Automated transmission can facilitate real- 

time reporting and more useful analysis (11). It can easily be linked to external networks 
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(national or global or multisectoral). Again, different laboratories can enable it at 

different levels.  

• AMR Bank: The creation of a repository of resistant isolates and a genomic data base 

should also begin once the laboratory network is up and running. 

• Residue monitoring: Monitoring of antibiotic residues in animal food products and 

environmental samples is essential to understand the actual burden and to observe the 

impact of applying various control measures. It is necessary to identify or strengthen at 

least one laboratory for residue analysis in the network.     

  

IV. Research @ AMR Laboratories: Research and innovations are critical to 

combating AMR and laboratories are an integral part of this effort.  

• Identify research priorities  

• Identify and mobile funds 

• Initiate research projects preferably collaborative research  

• Create platform for publicising the research findings: Periodic AMR conclaves or 

AMR research days can facilitate deliberations on research findings.   

 

V. Reporting & Communication: For the system to work effectively, timely 

communication and reporting as outlined in the policy document should work. This 

is important to address timely issues, policy changes, and to secure resources.  

• Constitute a monitoring committee with representatives from all laboratory partners, 

stakeholders and policy makers: Regular periodic review of operations facilitates 

smooth running of the network.  

• Platforms for AMR knowledge dissemination dialogues: Platforms should be 

created at each level of the laboratory network for regular discussions and deliberations 

among working partners.  

• Liaison with other sectors: Once the formalities of intra-sectoral networking have 

been completed and put in place, external links with higher platforms (national/global) 

and other sectors should be established. AMR is a multidisciplinary issue and no sector 

alone can address it alone.  

 

Conclusion: Nearly ten years have passed since WHO launched its global action plan. It is 

high time to move from awareness to action. Laboratories play a pivotal role in AMR mitigation 

efforts across all sectors (12). The protocol presented here for implementing AMR action plan 

in the laboratory sector is not exhaustive and is flexible for expansion and modification 

according to local settings. Although it is primarily designed for animal laboratory sector, the 

author’s area of expertise, it is not unique to this sector.   
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